Urinary neopterin (Neo), a marker of T-cell activation was measured in five healthy males for a chronobiological study. Five young males mean age: 25 ± 2 (years ± SD) in apparent good health volunteered for the study. Total urine voidings were collected 4-hourly by each individual during a 48 h span at fixed clock hours. The study was carried out during 3 different 48 hours, one week apart. Neopterin was measured by HPLC and results were expressed as the ratio !lmol/mol creatinine.
Introduction
Neopterin is synthesized by macrophages from guanosine triphosphate (GTP) after the action of a cyciohydrolase. This enzyme can be activated by interferon gamma (1, 2) which is secreted by stimulated T-Iymphocytes. Upon activation by interferon gamma neopterin is released in the bloodstream and then eliminated mainly in urine. Therefore, urinary neopterin is considered as a good marker of T-cell activation. We looked for a possible rhythm in urinary excretion of neopterin since circadian variations of Tlymphocytes have been described (3, 4) .
Material and Methods

Subjects
Five young men in apparent good health, aged 25 ± 2 (years ± SD), were selected. None of these volunteers was under medication. The subjects were synchronized with diurnal activity from 7h30 to 23h30 (± 01 h) and nocturnal rest. Meals were taken at fixed times.
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Experimental design
Total urine voidings were collected 4-hourly by each individual during a 48-hours span at fixed clock hours (beginning at 20h30). This experiment was renewed 3 times one week apart.
Urinary samples were immediatly frozen (-20 D C) until assayed. Neopterin was expressed as !lmol per mol of creatinine as currently used. These two compounds were simultaneously measured by high performance liquid chromatography (HPLC) on the same injection.
Urinary m easurement
Neopterin and creatinine were performed by reversedphase HPLC using a method previously published (5). We used a Varian neopterin-system (Varian, Orsay, France) equipped with an autosampler injection system, an ultra-violet detector (UV 200), a fluorescence detector (Fluorichrom) and monitored by a control data system (Vista 402).
Auzeby e t at.: Large-amplitude circadian variations of urinary neopterin in healthy man Neopterin was detected by its native fluorescence and creatinine by UV absorption on the same chromatographic run. 100 ).1.1 of urinary samples were diluted in 1 ml of mobile phase (potassium phosphate buffer 15 mmoljL, pH 6.45) and 10 ).1.1 injected on a C18 reversed-phase column (Merck) with a flow rate of 0.8 mLjmin.
Statistical analysis
Data (mean ± SEM) were plotted as a function of time (time point corresponding to the middle of the 4-h fractions).
The peak-trough differences were tested by Student's test and the effects of time, day and week were appreciated by an ,malysis of variance (ANOVA).
Results and Discussion Figure 1 shows the pattern of the ratio neopterinj creatinine in 5 subjects studied during three consecutive weeks. The analysis of variance validates a lack of effect of day and week as well as a highly significant effect of time (p < 0.00001). The urinary excretion of neopterin obviously occurred during the night, at 02h30 and 06h30 i. e. the voidings collected between 00h30 and 08h30. The question thus arises of a possible bias induced by the circadian variation of creatinine excretion. Indeed, the circadian rhythm of urinary creatinine has been well documented (6, 7). Therefore, we looked for the rhythm not only of the ratio, but also the rhythms of neopterin and creatinine alone (table 1) . The present study did show a rhythm of urinary creatinine in our 5 subjects, in good agreement with that we had previously described in other healthy subjects with the same age (6, 7). The peak was located at 22h30 and the trough at 02h30. A sole peak of neopterin was detected at 6h30 and a circadian rhythm attested by analysis of variance (p < 0.00025). These data allowed us to show that the 02h30 peak of the ratio ( Fig. 1 ) was an artifact due to the trough of creatinine excretion. By contrast, the peak of the ratio at 6h30 was exclusively related to an increase of neopterin excretion with a very large amplitude (51 %).
This work strongly suggests that the rhythmicity of neopterin is important to take into consideration since the results of the determination of this marker are highly dependent upon the time of urine collection. The existence of a nocturnal excretory peak of neopterin would lead to recommend the first morning urine collection for its determination or at least the same time-qualified collections for the follow-up of the patients.
